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METHOD, USER EQUIPMENT AND NETWORK FOR PERFORMING A HANDOVER FOR USER EQUIPMENTS 
IN PEER-TO- PEER COMMUNICATION MODE, TO A CELL WHOSE LINK PERFORMANCE IS A PREDEF 
INED VALUE HIGHER THAN THAT OF THE ACTIVE CELL 



Field of the Invention 

The present invention relates generally to a P2P communication 
5 method in wireless communication networks, and more particularly, to 
method for UEs in P2P communication mode to h andover. 

Background of the Invention 

In conventional celiular mobile communication systems, a UE (user 
equipment) has to communicate with the other UE only through the relaying 

10 of base stations regardless of the distance between the two UEs. Fig. 1 
illustrates this conventional communication mode, where UE1 and UE2 
exchange information through the UTRAN consisting of the base station 
transceiver (namely Node B) and the RNC, and this communication mode is 
also called UP-UTRAN-DOWN mode. However, in some case s when the 

15 distance between two UEs in the same cell is very close, it can be a more 
reasonable way for them to communicate directly, rather than through the 
relaying of base stations. This method is the so -called peer-to-peer 
communication, abbr. as P2P. 
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Fig. 2 illustrates a P2P communication mode . As Fig.2 shows, where the 
dashed line represents signaling link, the solid line represents data link and 
the arrowhead represents direction of information flow. Only signaling link 
exists between the UTRAN and the UE, while only data link exists between 
the two communicating UEs. Assume that only resource for maintaining 
basic communication is needed. If a direct link is taken as one unit of radio 
resource (with fixed frequency, timeslot and spreading code), it c an be easily 
drawn that P2P communication mode only needs two units of radio resource 
to maintain basic communication. If additional signaling cost for 
management is ignored, P2P communication can save about 50% radio 
resource than conventional communicati on mode. Meanwhile, the UTRAN 
still holds control over P2P communication, especially over how to use radio 
resources, so that network operators can easily charge for the radio resource 
used in P2P communication. 

It is commonly accepted that a Time Division Duplex (TDD) air interface 
is a communication standard that offers a more flexible adaptation to 
different uplink and downlink traffic requirements. Among existing 3G 
systems based on TDD communication mode, TD-SCDMA (Time Division - 
Synchronization Code Division Multiple Access) system is an ideal 
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communication system to be the most suitable for the combination of P2P 
communication with conventional communication mode , because the same 
carrier frequency is applied in both uplink and downlink communicatio ns, 
which can simplify the RF (Radio Frequency) module of the mobile terminal. 

5 A method and apparatus for establishing P2P communication in wireless 

communication networks, as described in the patent application entitled "A 
Method and Apparatus for Establishing P2P Communication in Wireless 
Communication Networks filed by KONINKLIJKE PHILIPS ELECTRONICS 
N.V. on March 7 th , 2003, with the application Serial NO. 03119892.9, is 

10 suitable to any TDD CDMA communication system including TD -SCDMA 
systems, and incorporated herein as reference. 

A method and apparatus for radio link establishment and maintenance 
with P2P communication in wireless communication networks, as described 
in the patent application entitled "A Method and Apparatus for Radio Link 

15 Establishment and Maintenance with P2P Communication in Wireless 
Communication Networks", filed by KONINKLIJKE PHILIPS ELECTRONICS 
N.V. on March 7 th , 2003, with the application Serial NO. 03119895.3, is 
suitable to any wireless communication system including TD -SCDMA 
systems, and incorporated herein by reference . 
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After establishing uplink synchronization with the UTRAN through the 
same random access procedure as existing TD -SCDMA systems, the UE 
can establish a P2P direct link with the other UE, in accordance with the 
method and apparatus as described in the patent application document 
whose application Serial NO. is 03119892.9, i.e.: allocate relevant dedicated 
resource for two P2P UEs. Then, direct link between the two UEs can be 
established and maintained in accordan ce with the method and apparatus as 
described in the patent application document whose application Serial NO. is 
031 19895.3, so that the two UEs can receive and transmit P2P signals in the ; 
allocated timeslots respectively, and thus P2P communication between two 
UEs can be achieved. 

However, in P2P communication mode, the P2P link between the. 
involved UEs or the signaling link between the UE and UTRAN may 
deteriorate because of the communication environment changing or the 
movement of the UEs. So a UE in P2P communication mode (abbr. as P2P 
UE later) has to switch from P2P mode to continue communication in 
conventional UP-UTRAN-DOWN mode when the P2P link and the signaling 
link can't satisfy the QoS requirement. A detailed description is offered to the 
method for switching from P2P communication mode to conventional 
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communication mode, as described in the patent application entitled "A 
Method and Apparatus for Soft -Switching between P2P Communication 
Mode and Conventional Communication Mode in Wireless Communi cation 
Systems", filed by KONINKLIJKE PHILIPS ELECTRONICS N.V. on May 19 m , 
2003, with the application Serial NO. as 03123742.8, and incorporated 
herein as reference. 

According to the technical details as disclosed in the above application 
document, when one or two P2P UEs move to the border of the cell where 
they camp (the active cell), the signaling link between the UE and the base 
station (Node B) can't maintain normal P2P communication, so the UEs will 
first switch from current P2P communication mode to conventional 
communication mode, and then handover to an adjacent cell that can satisfy 
the QoS requirement, by using the cell handover method in conventional 
mode, and continue to communicate in conventional mode. 

According to the technical solution oft he application document, two UEs 
can continue communication without being noticed by subscribers, but P2P 
communication has a remarkable advantage of saving network resource. 
Hence, when cell handover is needed for P2P UEs, it would be a more 
reasonable communication mode option that the two UEs to continue P2P 
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communication if they still can satisfy the requirement for P2P 
communication. 

Summary of the Invention 

An object of the present invention is to provide a cell handover method 
5 for P2P (Peer-to-Peer) UEs. With this method and apparatus, two UEs can 
maintain P2P communication when they handover from the active ceil to an 
adjacent cell, if they still can satisfy the requirement for P2P communication. 

A method for the P2P UE to perform cell handover according to the. 
present invention, performed by a UE (user equipment), comprises: 
10 measuring downlink signals of the active cell on which the UE is camping: 
and its adjacent cells; judging whether there exists a suitable cell whose link 
performance is a predefined value higher than that of the active cell, 
according to the measurement result; sending a measurement report 
message to a network system to start a judging procedure of the network 
15 system if there exists the suitable cell, and the judging procedure is for 
deciding whether the UE and the other P2P UE can handover into the 
suitable cell to continue P2P communication. 

A method for two P2P UEs to perform cell handover according to the 
present invention, performed by a network system, comprises: receiving a 
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measurement report message from any one of the two UEs, indicating that 
the UE detects there exists a suitable cell in the adjacent cells of its active 
cell, and the link performance of the suitable cell is a predefined value higher 
than that of its active cell; starting a judging procedure to decide whether the 
two UEs can handover into the suitable cell to continue P2P communication, 
including whether the link performance of the other UE in the suitable cell 
satisfies the QoS requirement; establishing signaling link between the two 
UEs if the QoS requirement can be satisfied; sending a handover command 
to the two UEs, so that the two UEs can establish P2P connection in the 
suitable cell. 

Brief Description of the Drawings 

For a detailed description of the p referred embodiments of the invention, 
reference will now be made to the accompanying drawings in which: 

Fig.1 is a schematic diagram illustrating two UEs communicate through 
the relaying of base stations in conventional communication mode; 

Fig.2 is a schematic diagram illustrating two UEs communicate in P2P 
communication mode; 

Fig.3 is a schematic diagram illustrating the cell handover procedure to 
be executed by the UE and the UTRAN when cell handover is performed in 
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conventional way; 

Fig.4 is a schematic diagram illustrating the cell handover procedure to 
be executed between the P2P UE and the UTRAN when cell handover is 
performed by the UE in P2P communication mode ; 

Fig.5 illustrates the schematic diagram of the components of the 
network system and the U E in hardware modules, capable of implementing 
the cell handover method for P2P UEs in accordance with the present 
invention. 

Detailed Description of the Invention 

A detailed description is given below to the present invention, taking 
TD-SCDMA system as an example. To understand the cell handover method 
for P2P UEs in the present invention, a brief introduction will be given first to 
the cell handover procedure in conventional mode to be executed by the UE 
and the UTRAN, in conjunction with Fig.3. 

As Fig.3 shows, a UE first selects a cell to camp on via cell search 
procedure when powering on, which is the same as conventional 
communication mode. Then, it will establish a radio link with the network 
system (namely the UTRAN) to enable conventional communicati on, via 
random access procedure (step S101). 
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After establishing a link with the UTRAN, the UE receives the 
measurement control message (including measurement content, report (± 
3R) standard, report format and etc) from the UTRAN, and keeps on 
measuring downl ink signals of the cells (such as the active cell where the UE 
5 camps and its adjacent cells) indicated in the measurement control message 
(step 102). For example, the UE measures P -CCPCH RSCP (the Primary 
Common Control Channel Received Signal Code Power), to obtain the 
downlink Rx power of the active cell where the UE camps and its adjacent 
cells. 

10 During the measurement procedure, if the UE finds an adjacent cell 

whose downlink performance is higher than a predefined threshold TRHD1 
(step S103), the UE sends a candidate cell report message to the UTRAN, 
reporting the adjacent cell as a candidate cell to the UTRAN (step S104). 
Wherein, the downlink performance can be the UE 's BER (Bit Error Rate) 

15 criterion, TRHD1 is a lower limit value at which the link performance between 
the UE and the UTRAN can satisfy the QoS requirement, and the candidate 
cell is a cell that is not active yet but its link performance can satisfy the QoS 
requirement when its link is used for receiving and transmitting signals. 

On receipt of the candidate cell report message from the UE, the 
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UTRAN adds the cell indicated in the report message into the UE 's candidate 
cell set (step S105). Herein it 's assumed that the storage area for storing the 
candidate cell set is large enough, so, whenev er the UE finds a new 
candidate cell and sends a report message to the UTRAN, the UTRAN can 
add the new candidate cell into the UE 's candidate cell set. 

When the UE measures the downlinks of the cell indicated in the above 
measurement control message one by one but still fails to find a new 
candidate cell, it will check whether there exists a suitable candidate cell in 
the UE's candidate cell set, wherein the link performance of the candidate 
cell is a predefined threshold TRHD2 higher than that of the acti ve cell (step 
S106). 

If such suitable candidate cell exists, the UE sends a measurement 
report message to the UTRAN, to start the UTRAN 's cell handover 
operations (step S107). After receiving the measurement report message 
from the UE, the UTRAN makes a ha ndover decision according to the radio 
resource allocation (step S108). 

Assume that the UTRAN can always satisfy the UE 's request for radio 
resource, the UTRAN activates the link in the candidate cell, and receives 
and transmits control signals for establi shing a new link in the handover cell 
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via the link in the handover cell (step S109). The UTRAN sends a handover 
command to the UE via the link in former active ceil (step S110). On receipt 
of the handover command, the UE ends the communication in former cell, 
and establishes a new link in the new cell according to the radio resource 
information included in the handover command (step S1 1 1). 

After establishing a link in the handover cell successfully, the UE sends 
a handover success message to the UTRAN (step S112). On receipt of the 
handover success message, the UTRAN stops signals reception and 
transmission over the link in the former cell, and releases the radio resource 
occupied by the former cell (step S1 1 3). 

The cell handover procedure by the UE and the UTRAN in conventional 
mode is described as above. In P2P communication mode, signaling signal 
takes place between the UE and the UTRAN, while traffic signals are flowing 
between two P2P communicating UEs. Accordingly, when one of the two 
P2P communicating UEs or two move to the border of a cell, if handover to 
another cell is needed, the handover operations will directly involve the two 
UEs. Considering whether to handover the two UEs to another cell 
simultaneously and continue P2P communication, or maintai n the P2P 
communication between the two UEs in current active cell, or handover the 
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two UEs into conventional mode so that their communication won 't be 
broken down, handover in P2P communication mode shows difference from 
the above handover in conventional communication mode. 

A description will be given below to the cell handover procedure to be 

5 executed between the UE and the UTRAN when a P2P UE performs cell 
handover in accordance with the present invention, in conjunction with Fig.4. 

As Fig.4 shows, after UE1 and UE2 select their cells to camp in 
conventional mode, if they satisfy the requirement for P2P communication, 
UE1 and UE2 can establish P2P direct link with the method as described in 

10 the above application document whose application Serial NO. is 031 19895.3, 
or that described in the patent application entitled "A Method and Apparatus 
for Establishing P2P Communication in Different Cells *, filed by 
KONINKLIJKE PHILIPS ELECTRONICS N.V. along with the present 
document, with the archive Serial NO. as CN 030062 (step S201). 

15 After the direct link is established, UE1 and UE2 perform P2P 

communication through the direct link (step S202). 

During P2P communication procedure, UE1 and UE2 keep on 
measuring whether the P2P link performance can satisfy the QoS 
requirement (step S203). 
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When measuring the P2P link performance can 't satisfy the QoS 
requirement, UE1 and UE2 will be switched to communicate in conventional 
mode, according to the method as described in the above application 
document whose application Serial NO. is 03123742.8 (step S204). 
5 When measuring the P2P link performance can satisfy the QoS 

requirement, UE1 and UE2 keep on measuring downlink signals (e.g. RSCP 
of P-CCPCH) in their respective active cells and adjacent cells, according to 
the cells indicated in the measurement control message sent by the UTRAN v 
(step S205). 

10 During the measurement, UE1 or UE2 detects whether a suitable cell 

: exists among its adjacent cells, wherein the downlink performance of the 
suitable cell exceeds a predefined threshol d TRHD_A and is a predefined* 
threshold TRHD_B higher than the downlink performance of its current active 
cell (step S206). Herein, TRHD -A can be the lower limit value at which the 

15 communication link satisfies the QoS requirement, while TRHD_B can be a 
condition in which the adjacent cell can be taken as a candidate cell. 

If UE1 or UE2 detects such a suitable cell, UE1 or UE2 sends a 
candidate cell report message to the UTRAN, so that the suitable cell can be 
reported to the UTRAN as a candidate cell (step S 207). 
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After receiving the candidate cell report message from UE1 or UE2, the 
UTRAN adds the cell indicated in the report message into UE1 's or UE2's 
candidate cell set (step S208). 

Herein it's still assumed that the storage area for storing the candidate 
5 cell set is large enough, so, whenever UE1 or UE2 finds a new candidate cell 
and sends a report message to the UTRAN, the UTRAN can add the new 
candidate cell into UE1 's or UE2's candidate cell set. 

When UE1 or UE2 measures the downlink of the adjacent cell s 
indicated in the above measurement control message one by one and still 
10 fails to find new candidate cell, UE1 or UE2 detects whether there exists a 
suitable candidate cell among UE1 's or UE2's determined candidate cell set, 
wherein the link performance o f the suitable candidate cell is a predefined 
threshold TRHD_C higher than that of the current active cell (step S209). 
TRHD_C is the threshold at which a candidate cell can become the suitable 
15 candidate cell. 

If such suitable candidate cell exists, UE1 or UE2 sends a 
measurement report message to the UTRAN to start a judging procedure of 
the UTRAN, and the judging procedure decides whether UE1 and UE2 can 
handover to the suitable candidate cell to continue P2P communication (step 
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S210). Wherein the measurement report message includes the link 
performance of UE1 's or UE2 , s active cell, as well as the link performance 
measurement result of the suitable candidate cell. 

Herein it's assumed that the measurement report message is sent by 

5 UE1, the UTRAN will start the handover judging procedure after receiving the 
measurement report message from UE1. First, the UTRAN checks UE1 and 
UE2's candidate cell sets (step S21 1), and determines whether there exists a 
common candidate cell in the two candidate cell sets (step S212). 

If such a common candidate cell exists, the UTRAN makes handover 

10 decision according to the radio resource allocation (step S221). If the 
UTRAN can always satisfy the radio resource requests of UE1 and UE2, the 
UTRAN activate the link in the common candidate cell for signaling reception 
and transmission, thus UE1 and UE2 establishes a signaling link with the 
UTRAN in the common candidate cell (step S222). The UTRAN sends a cell 

15 handover command respectively to UE1 and UE2 via the link in the former 
active cell (step S223). UE1 and UE2 releases P2P link in the former cell 
after receiving the cell handover command, and establishes a new P2P link 
in the new common candidate cell according to the radio resource 
information included in the cell handover co mmand with the method 
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disclosed in above application document whose application Serial NO. is 
03119895.3 (step S224). After successfully establishing P2P link in the 
handover cell, UE1 and UE2 respectively send a handover success 
message to the UTRAN (step S225). After receiving the handover success 
5 message, the UTRAN stops signaling reception and transmission on the link 
in the former cell and releases the radio resource occupied by the former cell 
(step S226). 

If it's determined that the common candidate cell doesn't exist in above 
step S212, the UTRAN checks whether it has the measurement report about 
10 UE2's link performance in active cell (step S21 3). 

If UE2's measurement report doesn't exist, the UTRAN sends a 
measurement control message to UE2, for requ esting UE2 to report its link 
performance in its active cell to the UTRAN (step S214). On receipt of the 
measurement control message, UE2 sends the link performance of its active 
15 cell to the UTRAN as a measurement report (step S215). The UTRAN 
receives the measurement report from UE2 (step S216). 

If there exists UE2's measurement report, judge whether the link 
performance of UE1 and UE2 in the active cells is higher than a predefined 
threshold TRHD_D (step S219), i.e.: whether UE1 and UE2 's link 



WO 2005/053346 PCT/IB2004/052344 

PCT/IB2004/052344 

PHCN03C056WO 

17 

performance in its respective active cell can satisfy the QoS requirement. 
Wherein TRHDJD is the link quality standard for ensuring signaling transfer 
between the base station and UE1 and UE2. If UE1 and UE2 's link 
performance in their respective active cells can both satisfy the QoS 

5 requirement the UTRAN sends a P2P communication maintenance 

command to UE1 and UE2. After UE1 and UE2 receive the P2P - 
communication maintenance command, they continue to maintain the former 
P2P communication in their respective cells (step S220). If the link 
performance of at least one of UE1 and UE2 in their active cells can 't satisfy 

10 the QoS requirement, the UTRAN sends a command for switching to 
conventional mode to UE1 and UE2. After receiving the command for 
switching to conventional mode, UE1 and UE2 switch from P2P 
communication mode to conventional communication mode respectively with 
the method as disclosed in application document whose application Serial 

15 NO. is 03123742.8 (step S217), and continue to communicate in 
conventional m ode (step S218). 

The P2P UE keeps on iterating the above steps from S203 to S226, to 
better utilize P2P mode to save radio resource when ensuring 
communication with the other UE ceaselessly. 
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The cell handover method for P2P UEs as proposed in the present 
invention, can be implemented in computer software, or hardware modules 
with software functions, or in combination of software and hardware. 

When computer hardware is adopted to implement the cell handover 
method for P2P UEs as proposed in the present inven tion, the network 
system and UE are shown in Fig.5, wherein the components which are the 
same as in conventional network systems and UE are not given. 

As Fig.5 shows, detecting unit 201 in UE 200 detects the downlink 
signals in the UE's active cell and its adjacent cells. According to the 
measurement result, judging unit 202 judges whether there exists a suitable 
cell whose link performance is a predefined value higher than that of the 
active cell. When the suitable cell exist, sending unit 203 sends a 
measurement report message to network system 100, to start a judging 
procedure for deciding whether the UE and the other UE in P2P 
communication can handover to the suitable cell to continue P2P 
communication. 

Receiving unit 101 in network system 100 receives the above 
measurement report message from any one of the two UEs. According to the 
measurement report message, judging unit 102 judges whether the link 
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performance of the other UE in the suitable cell satisfies the QoS 
requirement, to decide whether the two UEs can handover into the suitable 
cell to continue P2P communication . 

If it's judged that the QoS requirement is satisfied, establishing unit 103 

5 establishes signaling link between the two UEs. Sending unit 104 sends a 
handover command to the two UEs for them to establish P2P link in the 
suitable cell. When receiving unit 204 in UE 200 receives a handover 
command from network system 100, it will establish a P2P link with the other 
UE in the suitable cell. 

10 If it's judged that the QoS requirement is not s atisfied, measuring unit 

105 in network system 100 checks the link performance of the the other UE 
in the active cell. Judging unit 102 judges whether the link performance of 
the two UEs in the active cell can satisfy the QoS requirement. Moreover, 
when the link performance of the two UEs in the active cell both can satisfy 

15 the QoS requirement, the sending unit 104 sends a P2P communication 
maintenance command to the two UEs for them to continue P2P 
communication in the active cell. When receiving unit 204 in UE 200 receives 
a P2P communication maintenance command from network system 100, it 
will continue P2P communication with the the other UE in the active cell. 
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Beneficial Results of the Invention 

As described above, with regard to the cell handover method for P2P 
UEs as provided in the present invention, it 's to be determined whether there 
exists a common candidate cell for two P2P communicating UEs when 
making handover decision. When such common candidate cell exists, the 
two UEs can handover into the com mon candidate cell simultaneously. 
Therefore, after handover into the candidate cell, P2P communication mode 
can be continued, thus radio resource can be saved when ensuring 
ceaseless communication between the two UEs. 

It is to be understood by those skilled in the art that the method for P2P 
UEs to handover as disclosed in this invention is not limited herein for 
TD-SCDMA systems, but also applicable to other TDD wireless systems. 

It is to be understood by those skilled in the art that the method for 
supporting P2P communication to handover as disclosed in this invention 
can be modified considerably without departing from the spirit and scope of 
the invention as defined by the appended claims . 



